Introduction {#sec1-1}
============

Wound is defined as a loss or break of cellular, anatomic or functional continuity of living tissues. Wound healing is an essential process involved in repair and regeneration of tissue structure and function disrupted by various biological, physical and chemical insults. Coagulation, epithelization, granulation, collegenation and tissue remodeling are the phases of wound healing.\[[@ref1]\] Coagulation is the immediate response to initial injury. Thrombin generation leads to aggregation of a platelet and fibrin mass that fills and stabilizes the wound by preventing further blood loss. Fibroblasts line along the fibrin matrix and begin to form connective tissue, and the endothelial sprouts begin to revascularize the site, converting the wound into granulation tissue. During this, the epithelial cells migrate and proliferate across the surface of the wound, displacing the scab, until the wound is closed (re-epithelization).

Vitamin K (vitK), an essential micronutrient present in low concentration in the blood,\[[@ref2]\] is required for the γ-carboxylation of specific glutamyl residues in several hepatic and extra-hepatic proteins.\[[@ref3]\] These proteins are present virtually in every tissue and is important to cellular processes including proliferation,\[[@ref4]\] bone mineralization,\[[@ref5]\] arterial calcification,\[[@ref6]\] apoptosis, phagocytosis,\[[@ref7][@ref8]\] growth control, chemotaxis\[[@ref9]\] and signal transduction.\[[@ref10]\] Furthermore, vitK also has redox properties and has been shown to alter cellular metabolism in a manner which might confer anti-inflammatory properties.\[[@ref11]\]

Topical application of vitK has been used for the prevention of vascular manifestations of aging, suppression of pigmentation and for the resolution of bruising. VitK may facilitate the removal of extravascular blood from the skin, which accounts for its effectiveness in hastening the clearing of bruising and reducing its severity after laser treatment.\[[@ref12]\]

In view of the above mentioned actions, it was thought worthwhile to investigate the action of vitK in wound healing. Hence, the aim of this study was to evaluate the healing effect of vitK on full thickness model of wound in rats.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Preparation of formulation {#sec3-1}

Vitamin K~1~ (phylloquinone) was purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). It was mixed with eucerin for preparing 1% and 2% creams (w/w). Phenytoin (positive control) purchased from Darupakkhsh Co., Tehran, Iran was incorporated in eucerin for preparing 1% cream (w/w). The doses of phenytoin and vitK for topical administration were selected based on previous reports\[[@ref13][@ref14]\] and pilot experiments in our laboratory.

### Animals {#sec3-2}

Adult male albino rats (150-170 g) were used for the study. They were kept for acclimatization for a period of 7 days before start of the experiment, housed at controlled temperature (22 ± 2°C) and allowed free access to feed and clean drinking water during the period. Testing took place in the middle of the light period of a 12 h light/dark cycle. Animal procedures were in accordance with the guidelines for animal care prepared by Committee on Care and Use of Laboratory Animal resources, National Research Council, USA, and were approved by the Animal Ethics Committee of AJUMS. Every effort was made to minimize the animal suffering and reduce the number of animals used.

### Experimental groups {#sec3-3}

The study was done in 5 groups of 8 rats each (lesioned) i.e., group 1 receiving no treatment, group 2 receiving eucerin as negative control, group 3 receiving 1% vitK cream in eucerin base, group 4 receiving 2% vitK cream and group 5 receiving 1% phenytoin in eucerin base as a standard healing agent.

### Excision wound model {#sec3-4}

The animals were anesthetized with xylazine (20 mg/kg, i.p.) and ketamine (100 mg/kg, i.p.). They were then placed in the prone position and the dorsal midline of the cervical region was sterilized with 0.1% iodine alcohol. An excision wound was inflicted by cutting a 225 mm^2^ full thickness of skin from a pre-determined shaved area in the dorsal interscapular region. To remove the skin, subcutaneous tissue, fascia, and fleshy panniculus, a scalpel and straight scissors and Adson forceps were used.\[[@ref15]\] The wounds were left undressed to the open environment. Eucerin, standard drug (1% phenytoin) and vitK (1 and 2%, w/w) were applied topically once a day to the control group, standard group and treated groups, respectively, till the wound was completely healed.

### Measurement of wound contraction {#sec3-5}

The margin of excision wound was traced by following the progressive changes in wound area planimetrically, beginning on the day of wound healing. The size of wounds was traced on a transparent paper, throughout the monitoring period, which was then shifted to graph paper from which the wound surface area was evaluated.\[[@ref16]\] The extent of wound closure was expressed as the ratio of wound area (each day after wound healing process) to the original wound size.

### Epithelialization period {#sec3-6}

It was evaluated by noting the number of days required for the scar to fall off from the wound surface exclusive of leaving a raw wound behind.\[[@ref17]\]

### Tensile strength {#sec3-7}

The tensile strength of a wound represents the degree of tissue integrity. The tensile strength increment indicates better wound healing stimulation by the applied drug. At the end of healing period, a strip of repaired tissue measuring 20 × 5 mm was isolated and the tensile strength was measured with an aid of tensiometer. Tensile strength was calculated using the following formula:\[[@ref15]\]

Tensile strength = Breaking strength (g)/Cross-sectional area of skin (mm^2^)

### Hydroxyproline estimation {#sec3-8}

Hydroxyproline is an uncommon amino acid present in the collagen fibers of granulation tissues. Its estimation helps clinically to understand progress rate at which the healing process is undergoes in the connective tissue of the wound. After complete healing, a piece of skin (100 mg) from the healed wound area was collected and analyzed for hydroxyproline content, which is a basic constituent of collagen. Hydroxyproline was measured by the method used by Edwards and his colleague.\[[@ref18]\] Tissues were hydrolyzed in 6M HCl for 18 hours at 110^°^C. Samples were dried in a hot air oven at 60-70^°^C to constant weight and then washed thrice with distilled water. The acid-free samples were reconstituted in 2.0 ml of acetate-citrate buffer \[1.2% sodium acetate trihydrate, 5% citric acid, 12% sodium acetate, 3.4% sodium hydroxide. (pH 6.0)\]. 500 ml of 0.05 M chloramine-T was added to 1 ml of sample, after which the samples were incubated for 20 minutes at room temperature, followed by the addition of 0.5 ml of 15% perchloric acid and 15% 4-dimethyl aminobenzaldehydein 1-propanol. After incubation for 15 minutes at 60^°^C, each sample was transferred to a microtiter plate and absorbance was read at 550 nm using ultraviolet-visible (UV/Vis) spectrophotometer. Hydroxyproline concentrations of the unknown samples were calculated from a linear standard curve and presented as μg/mg dry tissue weight.

### Histopathological examination {#sec3-9}

On the 7^th^ day of treatment, two samples each were prepared from control, standard and treated groups for histopathological examination. Tissue samples from the wound area were fixed in 10% formalin then embedded in paraffin and 5 μm slices was prepared using microtome slicer. Samples were stained by hematoxylin-eosin and were observed for the changes such as fibroblast proliferation, collagen formation and angiogenesis.

### Statistical analysis {#sec3-10}

All experimental results are given as the mean ± SEM. The statistical analyses were performed by one-way analysis of variance (ANOVA) followed by Tukey\'s *post-hoc* test unless otherwise stated. A two-way ANOVA followed by Bonferroni\'s test was carried out for the time-course effect of vitK. Data analysis was performed using the Prism 5.0 (San Diego, CA, USA) statistical package program. *P* values less than 0.05 were considered to be statistically significant.

Results {#sec1-3}
=======

There was no significant difference in wound contraction between the non-treatment group and eucerin-treated group throughout the study period. Application of vitK improved wound healing at all times beginning on the 3^rd^ day with statistical significance (*P* \< 0.05) achieved from 7^th^ day as compared with the eucerin-treated group \[[Figure 1](#F1){ref-type="fig"}\]. However, no significant difference was observed between vitK 1% and 2%. Furthermore, results showed that phenytoin treatment was significant from the 10^th^ day onwards.

![Effect of topical application of vitamin K1 (vitK) on wound healing (wound contraction). Time course of healing effect of vitK on contraction of wound. Each group represents the mean of 8 animals, and the vertical lines indicate the SEM. \**P* \< 0.05 compared with eucerin-treated group](IJPharm-46-409-g001){#F1}

The time taken for complete healing i.e., epithelialization time in eucerin group (21.7 ± 0.5 days) was comparable to non-treated group (22 ± 0.8 days). A statistical significant decrease in epithelialization time in vitK 1%, vitK 2% (*P* \< 0.01) and 1% phenytoin-treated (*P* \< 0.05) groups (14.7 ± 0.8, 15 ± 0.7 and 16.7 ± 1.5 days, respectively) was observed as compared with eucerin-treated group.

The tensile strength of the group treated with eucerin (987 ± 33 g/cm^2^) was comparable with the non-treatment group (980 ± 36 g/cm^2^). Tensile strength for vitK 1% (1200 ± 40 g/cm^2^), vitK 2% (1170 ± 34 g/cm^2^) and 1% phenytoin (1229 ± 60 g/cm^2^) at the end of healing period was found to be significantly higher (*P* \< 0.05) as compared to eucerin-treated rats. Moreover, an increase in hydroxyproline content in vitK 1%, vitK 2% and 1% phenytoin-treated (*P* \< 0.05) groups (1100 ± 40, 1074 ± 34 and 1239 ± 38 μg/g tissue, respectively) was observed to be significantly higher (*P* \< 0.05) than eucerin and non-treatment groups (878 ± 18 and 868 ± 3 μg/g tissue, respectively).

 {#sec2-2}

### Histopathological examination {#sec3-11}

Promotion of wound healing by vitK was confirmed by histological investigation. Fibroblast cells, collagen fibers and blood vessels are prominently present in phenytoin and vitK-treated group as compared with eucerin-treated group \[Figure [2a](#F2){ref-type="fig"}--[d](#F2){ref-type="fig"}\].

![Histopathological characteristics of skin on the 7^th^ day treatment. Eucerin-treated group shows poor fibroblast cells and blood vessels in wound (a). Phenytoin, vitK 1% and 2% treated groups shows increased fibroblasts cells (F), collagen fibers (C) and blood vessels (B) in wound (b-d respectively). Sections were stained with hematoxylin and eosin, magnification ×40](IJPharm-46-409-g002){#F2}

Discussion {#sec1-4}
==========

Wound healing is a complex and dynamic process of restoring structure in damaged tissues as closely as possible to its normal state. Skin is a complex tissue and thus a 'full thickness' wound results in damage to many structures including: the epidermal keratinocyte layer, the basement membrane that underlies the epidermis, and the dermis which is an intricate structure that consists of fibroblasts, extracellular matrix, nerves, and blood and lymphatic vessels. In addition, a wound also causes damage at the level of individual cells.\[[@ref19]\] The present study for the first time demonstrated that vitK~1~ may promote wound healing activity in rats, probably due to its ability to significantly increase the rate of wound contraction, enhancement of epithelialization period, formation of fibroblasts cells, collagen fibers and blood vessels, and increment in hydroxyproline content. The results indicate that the topical application of vit K~1~ hastened the process of wound healing significantly in the full thickness excision model.

The mechanism of this action could be attributed to various reasons. It has been shown that the two vitK-dependent proteins, *Gas6* (Growth Arrest Specific gene 6) and protein S, are major regulators for cell proliferation and cell growth.\[[@ref20]\] In our study, vitK increased cellular proliferation and collagen synthesis at the wound site as evidenced by increase in total hydroxyproline content of granulation tissues. Furthermore, the observed increase in tensile strength by vitK could be due to increased collagen synthesis as well as its proper deposition and alignment. Sharaev *et al*. (1976) showed that in rats with avitaminosis K, the collagen content in the skin was reduced and the rate of hydrolysis of collagen increased.\[[@ref21]\] Hence, the healing effect of topical vitK could be attributed to its effect on collagen stability. Angiogenesis, which is integral to successful wound repair, refers to the in growth of new vessels into a wound from the surrounding tissue.\[[@ref22]\] Wang *et al*. (2005) showed that the blood coagulation system can be a tool to coordinate angiogenesis and vascular development.\[[@ref23]\] Since vitK has a well-known effect on γ-carboxylation modification of certain coagulation factors, the wound healing action of vitK may be due to its effect on blood coagulation system.

Molecular oxygen plays a central role in the pathogenesis and therapy of chronic wounds. Overproduction of reactive oxygen species (ROS) results in oxidative stress thereby causing cytotoxicity and delayed wound healing. Therefore, elimination of ROS could be an important strategy in healing of chronic wounds.\[[@ref24]\] Several studies have showed that vitK is considered as a potent antioxidant.\[[@ref25]\] Therefore, vitK could also improve the wound healing based on its antioxidant properties. However, further studies to elucidate the exact mechanism of action of vitamin K in wound healing will be required for confirmation.
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